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-, m,, Spectral Lines from WIMP annihilations
,,fﬂn o Telescops ,
Weakly Interacting Massive Particles (WIMPs) area  promising dark
matter candidate

 WIMP annihilations in the Milky Way may produce gam  ma rays
detectable by the Fermi Large Area Telescope (LAT)

o w—7y, vZ°, yH® would produce a narrow feature
— Sharp, distinct spectral feature (“smoking gun”)
— Likely a small branching fraction
« Signal predicted to be small

2 - Gustafsson et al. PRL 99:041301, 2007 3
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2 year analysis accepted for publication in PRD
— Current analysis uses similar method

4 year analysis nearing completion
— Use Reprocessed “Pass 7 Clean” data

e Low cosmic-ray contamination

» Reprocessing shifts energy scale by 1-4%
to account for slight radiation damage to
calorimeter

 See P7REP poster
— Mask 2FGL Sources

— Plan to submit paper to PRD end of
December 2012

Search for lines from 5 to 300 GeV o

— Maximum Likelihood Fit =

]

— Use sliding *=606¢ windows =

: . )

— Fit for energies in 6 steps <2

* Perform finer 0.5 6 scan near &

significant energies =

— Model bkg as single powerlaw =
[ and fg, free in fit

Fermi LAT Spectral Line Search
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s, erml Improved Line Model
Gdr"l'l'IEITEI
/ 5|11.:9-T|=I-.=~:a|'>=
i i : | | | | | M. Ackermann el al.
. E,i‘?‘ full detedcftor S|mulat|on to get Fermi ol b (FERMILAT)
ener ISpersion = eV PRD 86, 022002 (2012)
_ 9y P _ _ _ - E;fg?f; 324-3!32 arXiv:1205.2729
2000 - value=0,
* Previously modeled line with a triple < D L indows
. " @ ..o | 68% = (-0,086,0.081) i
gays&an f|t.( 1D PDF”) | | 8 s e = (0911.0,188) 1D PDF
« This analysis adds a 2 "d dimension to 0 ol P1aS = 0013 |
line model: P
— Pgis the probability that measured energy is " |
true energy 0
. 0.5 0.4 0.3 0.2 1.1 0.0 .1 0.2 0.3 0.4
* Labeled “ CTBBestEnergyProb " in our (Ep— Ey)/Ey
extended data 100 GeV MC Line
_ “2D PDF” a funCtIOn Of both ener and P 3 1000__ """"""""""" """"""""""""""" """"""""""""""""""""""""""""""""""""""""""""""""""""""""
oF omenerayand® o) £ g 95<p_<1.0
« BreakLineinto 10 P cslicesand dotriple o | |
. . . - 800__ . 0.1<P <0.3 ................ .....................................................................
gaussian fit in each slice separately i E 7 =
— Fit explicitly at 9 energies and interpolate 600] 5 5 5 || 2D PDF |.
parameters in each slice to produce lines at _
other energies 400 ) R T
* Including P ¢ — ~15% improvement to -
Signal Sensitivity (When there iS Signal) 200— ..\ ....................... ..........................................
and counts upper limit (when there is no : | _
i 35778 o0& 0z 0 oz o4
signal) e
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s, crmi Region of Interest (ROI) Oppimzizadion
/ -EpﬁceTE'l:*%mpP —11 |

 Many have shown ROI optimization
importance in line searches
— e.g. C. Weniger JCAP 1208 (2012) 007
* Find R 4 that optimizes sig/sqrt(bkg)
— ROI choices made a priori using MC
— sig from J factor in that ROI

— bkg from MC simulation of galactic diffuse
model

e http://fermi.gsfc.nasa.gov/ssc/data/access/lat/Mode |
_details/Pass7_galactic.html

Search in 5 ROIs

— RO (12%10° GC box) - R90 (Isothermal Optimized) 0.4
— R16 (Einasto Optimized) — R180 (2 year Analysis ROI)
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s crmi Opectral Line 95% CL Fux Upper Limit R41

Gamma ray
S pace Telﬁmpe

* No globally significant lines found
— Most S|gn|f|cant fitwasin ROat5 GeV,~2 o (3 76 Iocal)

5 ' : : 4yearH41
10° Ezz5%5555555ézzzz55éz55555555555555555555555E;!;'ﬁ_|._!m_!ﬂﬁf)f::::::::::::::5 +------ Expected Limit
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= — 95% CL <ov>,, NFW Upper Limit R41

Gamma ray
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T A— Line-like Featune mear 135 GaY
o Tamins
e Our blind search does not find globally significant feature near 135 GeV

— Reprocessing shifts feature from 130 GeV to 135 GeV
— Most significant fit was in RO, 2.23 ¢ local (<0.5 6 global)

* Much interest after detection of line-like feature localized in the galactic center at 130 GeV
— See C. Weniger JCAP 1208 (2012) 007 arXiv:1204.2797

. 4.01c (|OC3.|) 1D fit at 130 GeV with - E_130.000 GeV 8.0 Ny — 19.99 ovis 1“1 4 year P7Clean |
4 year unreprocessed data ol N=171 sa 10l g ScROL
RPN — 2,68+ 0.47(95C ,
_ Look in 4 °x4° GC ROI ey S 0ATEROL) sl 0 |
! \
— Use 1D PDF (no use of P E) g‘m i Prellmlnary 20 . ’ \\ T ]
Gaof
o0 -

§-1.§_E5{§§{'!¥§§§H §5$$}!f
c -3 a0 80 100 120 140 160 180 200
Energy (GsV)

Note: Fitin 4 °x4° GC ROI
Not one of our a priori ROIs
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T A— Line-like Featune mear 135 GaY
o Tamins
e Our blind search does not find globally significant feature near 135 GeV

— Reprocessing shifts feature from 130 GeV to 135 GeV
— Most significant fit was in RO, 2.23 ¢ local (<0.5 6 global)

* Much interest after detection of line-like feature localized in the galactic center at 130 GeV
— See C. Weniger JCAP 1208 (2012) 007 arXiv:1204.2797

I\ 4 year PTREP_Clean|

70| E=134.860 GeV T g =17.7TeMs 11 4040 G RO ]
| N=182 _ 5.05 |3 T30 !\ ™D PDF" |
. o o U T =253+ 0.4295C y
— Look in 4 °x4° GC ROI 5 +042%50L) asf ;o 1|
I \
— Use 1D PDF (no use of P ) ém Preliminary 1.75 | IS 1 |
« 3.730 (local) 1D fit at 135 GeV with w3 9% 100 w0 2w
4 year reprocessed data 20

— Look in 4 °x4° GC ROI 0r 7N ]

— Use 1D PDF (no use of P ) & 30— , , ,
R L D
B 5] *

T 83— 100 150 200

Energy (GeV)

Note: Fitin 4 °x4° GC ROI
Not one of our a priori ROIs
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T A— Line-like Featune mear 135 GaY
o T
e Our blind search does not find globally significant feature near 135 GeV

— Reprocessing shifts feature from 130 GeV to 135 GeV
— Most significant fit was in RO, 2.23 ¢ local (<0.5 6 global)

* Much interest after detection of line-like feature localized in the galactic center at 130 GeV
— See C. Weniger JCAP 1208 (2012) 007 arXiv:1204.2797

| | 50 _I | A 4ylrear F'?REF'_ICIean_
70 E=134.860 GeV [N, =16.300vts /1440 GC ROI -
& r ¥=182249i0ﬂ(95ﬂL) 375335 / | 2D FRF 1
— Look in 4 °x4° GC ROI e\l 25 ;o 1]
— Use 1D PDF (no use of P ) Em i Preliminary 125 L \\\ 1 ]
E 30 | ' ) :
20 -
— Lookin 4 °x4° GC ROI 0r
— Use 1D PDF (no use of P ) P | ; | T :
— 15 ]
« 3.35¢ (local) 2D fit at 135 GeV with  § .13 _*_H_E—*_Ff_ﬁi—!—r#“ 1
4 year reprocessed data B 100 150 200
Energy (GsV)
— Lookin 4 °x4° GC ROI
— Use 2D PDF Note: Fitin 4 °x4° GC ROI
« Pgindata — feature is slightly Not one of our a priori ROIs

narrower than expected

— <20 global
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s, ermi  OPatial Morphology of Features in Galactic Plane

GEIT“TIE ray
Space Telescope

« Fitin 4 °x4° ROIs along the galactic plane in 1 ° steps
— Fit with “1D PDF”
* To find where the counts are coming from
* Find excess near ~135 GeV near GC
— But find similar features at other energies along t he GP
— Some indication the 135 feature not smooth, but 2-3 smaller “hot spots”
— Excess near 135 GeV is one of the largest and near  GC, but is not otherwise unique
— See talk by E. Charles for more details

Fits at 93 GeV |

- 45 .
| 2285—
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g Gdr‘*ﬂ'la ray
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5 pace Teleampe

Earth Limb is a bright gamma-ray source

— From cosmic-ray interactions in the atmosphere

» Expected to be a smooth power-law
— Can be used to study instrumental effects
Have made changes to increase our Limb dataset
— Pole-pointed observations each week
— Extended “targets of opportunity” (ToOs)
* Trace limb while target is occulted

1P

135 GeV in the Earth Limb spectrum

g 6zenith

Line -like feature in the limb at
135 GeV

— Appears when LAT is
pointing at the Limb

« |RockAngle| > 52 °
Surprising since limb
should be smooth
On-going systematic

1% |

E=134.860 QeV
N=3265

Entries/bin

10! |

I' =2.72 4 0.10(95CL)

5.25 =~ 1 g
35 ! .
1.75 -

Preliminary  111° < 0,y < 113° 1;
|Rocking Angle| >52 °

studies have found N '
interesting results = '5f agd TLE H PR | P d 4
o ;—f—ﬁ 3 I I N ] ¢
« Seetalk by E. Bloom & '3[ " LI P . X ;ﬂ ®
» See talk by E. Charles Energy (GeV)
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 We see fractionally small, < e R S e %
but significant fluctuations = L The Fermi LAT Col. ApJS 203, 4(2012) . =
. . 3 p arX|v 1206 1896 | - -
in the galactic data and = - , : 2| PR
limb spectrum at low @ T A S S 7] o
energies T N N s
. .. o - " = - b . ull =
— Fractional deviation = or T T p
inti @ O @ * U - | —1 g 10
smaller than uncertainties = = ¢ “Tow o | gl
N A b ‘ ' A
— See S|_m|Iar features in- ] PO I . M E—— [ - 10°
earth limb at low energies - | | | | | ]
« See section 7.5 of - | | | | -
Pa‘SS 7 performance '10 |_:I"f'?'u"?'I:'"u'T"u"u"II'TTTT‘II'TTTT'E'T'-"u"T'%"T'T'T'T"l: 1 2
paper 30 20 -10 0 10 20 30 O
— The Fermi-LAT Col. Normalized residual [c]
ApJS 203, 4 (2012) (n —f) n
. . . —_ | i1/ = yweaessssssEEEEsm i
— Need to consider both fit resid; . = : |
significance and fractional i
deviation _ (n—=1f) | [T f
reSldnorm = f
vV
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— Summary

Improved Line Search
— 2D Line model includes P .
— Reprocessed dataset with corrected energy scale
— Chosen optimized ROIs a priori using MC background model

Use Galactic Plane and Earth Limb to study potentia | line-like features
— 135 GeV feature in Galactic Center not smooth, but  seems to be from 2-3 “hot spots”
« See similar features at other energies along the Ga  lactic Plane
— Earth Limb should be a smooth powerlaw
» See feature at 135 GeV
« See significant features that are fractionally smal | in low energies

Performed a search for spectral lines from 5 to 300 GeV with 4 years of datain 5
a priori ROls
— No globally significant lines detected and strong < ov>, . limits are set

Line search has raised many interesting questions. Our understanding will
continue to get better with future studies and more data from the Fermi LAT
— Implementing strategies to increase limb dataset
— Mission extended through at least 2016
— Pass 8 reconstruction willimprove A .+ and energy reconstruction

Fermi LAT Spectral Line Search 11/02/2012



